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A FRAMEWORK FOR UNDERGERADUATE ENGINEERING MANAGEMENT 
STUDIES 
 
By Stuart R. Palmer1 
 
Abstract: The importance of management to the long-term careers of practicing professional 
engineers has long been recognized.  Undergraduate engineering education should therefore 
provide an exposure to the management skills required by engineers in professional practice.  
For the rational and effective design of undergraduate engineering management studies, it is 
essential to understand the nature of engineering management and to identify those 
management skills identified as important by practicing professional engineers.  Through an 
investigation of the recent literature, the management skills considered important by 
engineering stakeholder groups are identified and ranked.  This information is supplemented 
by recent surveys conducted by the author of stakeholders in Australia, including academic 
staff, mature age undergraduate students, and, recent graduates of the engineering programs 
at Deakin University in Australia.  Based on an examination of the literature and original 
research, a framework of ranked classified management skills is proposed.  Broadly, the 
ranking framework is generic professional skills first, followed by general management 
skills and technical discipline specific management skills, followed by other professional 
discipline skills and theoretical skills.  
 
 1Senior Lecturer, School of Engineering and Technology, Deakin University, 
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INTRODUCTION 
The importance of management to the long-term career of the practicing professional 
engineer is widely acknowledged.  A direct consequence of this is the need for the inclusion 
of management studies in undergraduate engineering courses.  It is proposed that the 
management skills and competencies required by graduate engineers can be determined and 
classified on a rational basis, permitting an educational focus on those elements most 
appropriate for graduates.  This paper highlights the importance of undergraduate 
management education, investigates the nature of engineering management, and uses an 
examination of recent literature and incorporates original research by the author in Australia, 
to develop a ranked framework of engineering management skills that can be used in the 
design of undergraduate engineering management studies.  Approaches to the integration of 
the framework into the undergraduate engineering the curriculum are also presented. 
 
IMPORTANCE OF UNDERGRADUATE MANAGEMENT EDUCATION 
It is well known that most engineers make the transition from technical to management 
responsibilities some time in their careers (Babcock and Morse 2002).  The career 
advancement of engineers depends principally on their ability to become effective managers 
of the engineering function in particular, and of technology in general (Kinsky 1994).  
Surveys of students, graduates, experienced engineers and employers of engineers all 
confirm the importance of management skills, and that these have not been delivered well in 
the past by engineering undergraduate courses.  The American Society for Engineering 
Education (as far back as 1955) concluded: 
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“It is clearly recognized that many engineers progress into managerial and top executive 
positions in industry and government.  For such individuals the foundation should be laid 
in college for an understanding of human relationships, the principles of economics and 
government, and other fields upon which the engineering manager can build.” (Grinter 
1955). 
 
The Higher Engineering Education for Europe (H3E) group report: 
 
“The real world is not as precisely defined as technical courses at school and university 
would lead students to believe...The varied problems that arise in daily professional life 
are not so restricted.  They demand varied responses, with an integration of insights 
brought to bear from many different perspectives (technical, manufacturing, 
psychological, marketing, historical, economic, etc.).” (Working group on lifelong 
learning and continuing education in engineering 1998). 
 
In an Australian context, the former Chief Executive of the Institution of Engineers, 
Australia (IEAust) reported in 1996 that: 
 
“Technical virtuosity is often necessary, but never sufficient.  A major survey conducted 
for the Institution earlier this year revealed that 30% of members work in non-engineering 
roles, and over 40% are primarily involved in management.” (Webster 1996). 
 
In Australia, as far back as 1968 it was identified that: 
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“In all phases of practice in the profession the technical work is coupled, to a greater or 
lesser extent, with engineering management.” (Lloyd 1968, 43). 
 
Recent international reviews of engineering education re-affirm the importance of 
engineering management studies in undergraduate courses: 
 
“Engineering Faculties should...emphasize design, problem solving, the impact of 
engineering on society and the environment, communication, teamwork, leadership and 
practical experience...” (The Canadian Academy of Engineering 1993). 
 
In 1996 a major review of engineering education in Australia was published (Johnson 
1996).  It made wide ranging recommendations that, if adopted, will revolutionize 
engineering undergraduate education in Australia.  Amongst its many recommendations, the 
review re-affirmed the requirement for management education, identified the need to 
introduce flexibility into access and conduct of courses, and recognized the likely impact of 
information technology on engineering undergraduate education in the near future.  The 
review reaffirmed the importance of instilling graduates with an understanding of the context 
in which engineering functions, including “...economics, finance, accounting, teamwork and 
competition...” 
One clear indication that management skills remain crucial for engineers post graduation 
is the number of engineers that seek postgraduate studies in management.  In the United 
Kingdom 32% of Master of Business Administration (MBA) students are engineering 
graduates (Hegarty 1996), this being the most common first degree discipline of MBA 
students (Gault 1999).  In Australia the largest MBA program is one designed principally for 
engineers and focused on the management of technology (Ashenden and Milligan 1999).  
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The recent Australian review of continuing professional development in engineering 
identified that while only 3.5% of engineering graduates pursue a higher degree in 
engineering, the dominant competency chosen for formal postgraduate study is management, 
with 15% of engineers studying an MBA (Kean 1997).   
 
WHAT IS ENGINEERING MANAGEMENT? 
The modern disciplines of engineering and management are inextricably linked.  
Frederick Winslow Taylor (1856-1915), an American mechanical engineer, known as the 
“father of scientific management” (Babcock and Morse 2002, 30), first developed methods 
of work study and attaching financial reward to performance.  In 1911 he published the book 
Principles of Scientific Management, though these days he is more commonly remembered 
in the term ‘Taylorian’, used in a derogatory sense to describe work methods that are 
repetitive and dull.  Henry Laurence Gantt (1861-1919), another American mechanical 
engineer, adapted Taylor’s methods and is known today for developing charts that graphed 
project performance versus elapsed time (Babcock and Morse 2002, 34).  The French mining 
engineer Henri Fayol (1841-1925) believed that management was the most important 
function in industrial organizations.  His division of management into ‘planning, 
organization, leading, coordinating and controlling’ is still widely held today (Babcock and 
Morse 2002, 12).  Fayol was perhaps the first to note in print the incomplete preparation of 
engineering graduates: 
 
“Our young engineers are, for the most part, incapable of turning technical knowledge 
received to good account because of their inability to set forth their ideas in clear, well-
written reports, so compiled as to permit a clear grasp of the results of their research or 
the conclusions to which their observations have led them.” (Fayol 1949, 79). 
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Engineering continues to be linked to management and business.  Of the top 1000 
publicly listed American companies in 1998, the most widely held qualification of the chief 
executive officer was engineering (Anonymous 1998).  Engineers were prominent as leaders 
of organizations during the first industrial revolution, and are again commonly the 
founders/leaders of new organizations arising from the second industrial revolution based on 
communications (Anonymous 1998). 
To be able to investigate management studies in engineering courses it is essential to 
define what the term ‘engineering management’ means.  The following are some examples. 
 
“Few people would dispute the proposition that shortly after beginning their careers, 
many professional engineers move from spending the bulk of their time solving technical 
problems to doing other things,...They are managerial activities.  Management can be 
defined in many different ways, most of which include reference to planning, organising, 
controlling, leading, directing, allocating resources, communicating and co-ordinating.” 
(Samson 2001, xvi). 
 
“Most graduate engineers in business...will devote only a small part of their working lives 
to traditional engineering activities...Instead, they will spend most of their working lives 
in activities which might be termed management activities, that is activities related to 
planning, organising, controlling, communicating, decision-making and so on.” (Kinsky 
1994, xiii). 
 
“...engineering managers are under pressure to achieve marketable results focusing on 
quality, cost, and speed.  This requires effective planning, organization, and integration of 
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complicated multidisciplinary activities across functional lines and a great deal of people 
skills.” (Thamhain 1992, v). 
 
“Between the inception and completion of any engineering project there is a vast expanse 
of management and administrative tasks.  Each of these, however, will be seen as 
connected with one of the six basic management functions: 
• planning 
• organizing 
• staffing 
• directing 
• controlling 
• coordinating” (Antill and Farmer 1991, 3). 
 
All of these definitions incorporate some form of the commonly accepted functions of 
general management, that is ‘planning, organizing, leading and controlling’.  So, obviously, 
an engineering manager is not too far removed from any other kind of manager, but not quite 
the same either.   Perhaps this essential difference is best described by Babcock and Morse 
(2002): 
 
“The engineering manager is distinguished from other managers because he [or she] 
possesses both the ability to apply engineering principles and a skill in organizing and 
directing people and projects.  He is uniquely qualified for two types of jobs: the 
management of technical functions (such as design or production) in almost any 
enterprise, or the management of broader functions (such as marketing or top 
management) in a high-technology enterprise.” (Babcock and Morse 2002, 14). 
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Engineering management is the application of general management skills to the task of 
managing engineering activities.  This definition also highlights the general nature of the 
management task - it is quite possible for an engineering manager to focus on the 
management of technological activities, or to become involved in the management of other 
activities that support the engineering function, or even to move completely into general 
management.  From a systems perspective, engineering management is the factor that 
integrates all the elements of the engineering process. 
It is important to understand the functions of management (planning, organizing, leading, 
controlling, etc), but they do not tell us what areas of knowledge an engineering manager 
requires to be able to apply these functions to the management of technology.  Obviously, it 
is impossible to be prescriptive here, as every manager (be they a manager of engineering or 
any other business function) faces a unique set of circumstances.  For the practicing 
professional engineer, their experience of management is likely to change as their career 
develops.  A typical progression might include several of the following phases: 
• as a graduate: focus of self-management in the efficient completion of tasks; 
• as an experienced engineer: responsibility for an engineering team; 
• as a senior engineer: responsibility for an engineering project; 
• as a functional manager: responsibility for departmental operations, budget and 
coordination; 
• as a general manager: coordination and operation of all business functions; 
• as a sole practitioner: total technical and business management responsibility; and 
• as an entrepreneur: establishment of a new business enterprise. 
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The IEAust in its 1991 Accreditation Policies and Procedures relating to Professional 
Engineering Undergraduate Courses provided a ‘Model Study Structure’ for Australian 
undergraduate management studies.  It is important to note that the model offers a suggested 
course content, and is not intended to be prescriptive, but it does provide one view of the 
basic management knowledge required by engineering graduates.  The actual model study 
structure is very detailed, but an appreciation of the content can be gained from the titles of 
the 17 suggested units of study (Institution of Engineers Australia 1991): 
 
Introduction to engineering management Marketing for engineers 
Communication for engineers Engineering finance 
Economics Management science 
Accounting for engineers Human resource management 
Law for engineers Operations and quality management 
The engineer and society Business strategies for engineers 
Organizational behavior Engineering and project management 
Engineering economics Engineering innovation 
Managing people  
 
The suggested model study structure, if fully implemented, would provide a good coverage 
of engineering management issues at the undergraduate level.  It also provides an insight into 
the diverse range of skills needed by the engineering manager.  It is self-apparent that if fully 
implemented, the suggested study structure would be a significant component of an 
undergraduate course.  It would not fit into a one or two unit elective option, but requires a 
fully-fledged management sub-major stream across the course.  Such a weighting 
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appropriately reflects the importance of management to the long-term career of the 
practicing professional engineer. 
 
REVIEW OF THE RECENT LITERATURE 
Many surveys of students, practicing engineers and employers of engineers are noted in 
the literature that identify and/or rank the management skills considered important by these 
engineering stakeholder groups.  Williams (1996) investigated the associated area of 
management competencies required by science graduates, and surveyed 288 science 
graduates and 384 employers of science graduates in the United Kingdom to ascertain their 
perceived importance of an inventory of 14 management competencies, based on responses 
to a five point Likert-style rating scheme.  Table 1 summarizes Williams’ results and shows 
that the rankings (the higher the rating score, the more important the management skills was 
considered by respondents) are ordered only slightly differently between the two respondent 
groups. 
 
[Table 1 about here] 
 
Owen (1997) reports on the outcomes of a series of six industry workshops sponsored by 
the American Society of Automotive Engineers to identify what US manufacturing managers 
and executives believe that engineering graduates need to know.  While the workshops 
considered all knowledge and skills areas that graduates require, the ranked list provides an 
insight into not only the relative importance of particular management skills, but also the 
absolute importance of management skills compared to technical skills.  The list in ranked 
order of importance (item 1 is the most important) as given (Owen 1997, 10) is: 
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1. Communication skills 8. Business skills 
2. Teamwork 9. Quality systems 
3. Personal attributes 10. Change management 
4. Manufacturing principles 11. Statistics and probability 
5. Product and process reliability 12. Ergonomics 
6. Project management 13. Materials science and applications 
7. Manufacturing processes 14. Commitment to lifelong learning 
 
Management skills and knowledge are represented strongly, and dominate the highest list 
rankings.  The executives saw the top three items on the list as clearly the most important for 
graduates. 
 
Batley (1998) reports on the importance of management to professional engineers in New 
Zealand, and their need for training and education to develop their management skills.  
Batley surveyed more than 120 New Zealand engineers using a management skills inventory 
and a reverse Likert-style rating scheme.  Table 2 shows the results obtained - note that in 
this case, the lower the rating score, the more important the management skills was 
considered by respondents. 
 
[Table 2 about here] 
 
Bellinger (1998) presents a survey of 681 American electronic engineers, including those 
with technical/design roles and those with management roles, that sought to identify those 
management/business skills perceived as most important by the respondents.  Bellinger 
(1999) presents a follow-up survey to the previous one, covering 503 American electronic 
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engineers, including those with technical/design roles and those with management roles, that 
sought to identify those management/business skills perceived as most important by the 
respondents.  The surveys give the percentage of respondents who indicated that a particular 
management skill from an inventory was important.  The results of these two surveys are 
presented in Table 3.  As might be expected, those in engineering management roles have 
more frequently reported all business skills than those in engineering design roles, and the 
order of ranking of the management skills differs somewhat between the two groups.  It is 
apparent that only minor changes in business skill ranking have occurred between the two 
survey periods, both within the two respondent groups and in the relative rankings between 
the two respondent groups. 
 
[Table 3 about here] 
 
Mallick & Chaudhury (2000) investigated the related area of the importance of 
knowledge and skills required for the management of technology, focusing on the 
requirements for MBA courses.  Their investigation is relevant, as the single largest first 
degree discipline of MBA students is an engineering qualification (Gault 1999).  They 
sought to compare the responses of academics involved in the delivery of United States 
MBA programs with those of practicing managers of technology.  Their survey was sent to 
307 academics and 300 executives in technology firms.  Respondents were asked to rate the 
importance of a management knowledge and skills inventory using a five point Likert-style 
rating scheme.  Table 4 consolidates results from two elements of the survey addressing 
management knowledge and management skills (the higher the rating score, the more 
important the management skills was considered by respondents). 
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[Table 4 about here] 
 
SURVEYS 
Over a period of time the author has conducted surveys of a number of undergraduate 
engineering management education stakeholders in Australia, including academic staff, 
mature age undergraduate students, and, recent graduates of the Deakin University 
engineering programs.  The details of these surveys have been published elsewhere, but the 
summary results are presented here.  The results of these surveys show which management 
skills these stakeholder groups perceive as important, and offer further insight into the 
development of an engineering management skills framework. 
 
Australian Engineering Management Academics 
This survey sought the opinions of those Australian academic staff members (regardless 
of the discipline area within the university that they belonged to, and regardless of their 
status as full-time, part-time or adjunct staff) who were involved in the design and delivery 
of undergraduate engineering management studies.  A total of 146 potential individual 
participants were identified and surveyed via post.  Valid responses were received from 
31.5% of the identified qualified potential respondents.  Respondents were requested to rate 
(out of five - 1 being not important, 5 being very important) each of the 17 management 
skills/knowledge areas presented in the IEAust’s suggested units of management study, the 
results are presented in Table 5. 
 
[Table 5 about here] 
 
Mature Age Undergraduate Engineering Students 
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This survey sought the opinions of mature aged students studying undergraduate 
engineering courses at Deakin University.  Mature age students offer a unique perspective, 
most have significant experience working in the engineering workforce, often including 
working in a management role.  The survey was sent via post to 100 randomly selected 
mature age engineering students enrolled at Deakin University.  Valid responses were 
received from 27.0% of respondents.  Respondents were requested to rate (out of five - 1 
being not important, 5 being very important) each of the 17 management skills/knowledge 
areas presented in the IEAust’s suggested units of management study, the results are 
presented in Table 6. 
 
[Table 6 about here] 
 
Recent Graduates from the Deakin University Engineering Programs 
This survey sought the opinions of recent graduates from the undergraduate engineering 
courses at Deakin University.  Undergraduate engineering management studies should 
prepare graduates for engineering practice; the management skills used by recent graduates 
indicate those management skills of immediate relevance.  A survey was sent via post to 135 
graduates from the period 1996 to 1999.  Twenty surveys were returned as not deliverable, 
from the remaining 115 potential respondents, 42 completed questionnaires were received, a 
response rate of 36.5%.  Based on a 45 item management skills inventory developed from 
the previous surveys and the literature, respondents were asked to indicate which of these 
management skills had been important to them in their professional practice since 
graduation.  The results obtained are presented in Table 7. 
 
[Table 7 about here] 
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DISCUSSION 
The results from the review of the recent literature and the original research presented 
above, while not identical in every respect, do exhibit a high degree of consistency. The most 
highly ranked/most frequently reported management skills are generally important generic 
professional practice skills that are highly practical, action-oriented activities that members 
of the engineering workforce are likely to be involved in on a regular basis.  Typical skills 
identified in this group include written and oral communication skills, project management, 
supervision and leadership, and teamwork.  At the other end of the scale, the lowest 
ranked/least reported management skills might be viewed as too theoretical or too remote 
from the engineering practice.  Typical skills identified in this group include theories of 
management, economics and accounting.  In between, there are a large number of 
management skills that are reported as important by some respondents.  Some of the 
management skills in this middle band are possibly generic management skills such as 
human resource management, negotiation/conflict resolution and organizational behavior, 
skills required by engineers in management roles.  Others may be more specialized than 
generic, such as risk management, environmental management, maintenance management, 
legal/law, marketing and public relations, and hence reported by a smaller proportion of 
respondents.   
The aim is to identify that body of management knowledge required in engineering 
practice, so that it might form the basis of the content of undergraduate engineering 
management studies.  Hughes (1988) indicates how difficult it is to identify a body of 
knowledge appropriate to all managers, as their work roles and contexts are so variable, and 
that their skills requirements change over time.  In this environment the futility of rigidly 
prescribing in detail the content of an engineering management course is exposed.  What 
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engineering managers do and how they do it will change over time.  The only practical 
approach is to identify the required graduate attributes and outcomes, and adjust the course 
content, delivery methods and assessment to ensure that these outcomes are achieved.  By 
definition, this is a dynamic process that must be repeated periodically to effectively address 
change. 
The literature and research presented in this paper identifies a framework of engineering 
management skill types, and ranks these according to perceived importance by practicing 
engineers, engineering managers and engineering academics. Using the various management 
skills/competencies identified from the surveys along with those presented in the literature, a 
ranked classification can be developed as follows: 
 
1. Generic professional practice skills: 
Written & oral communication skills Personal/time management 
Project planning and management Lifelong learning 
Supervision and leadership Project evaluation 
Teamwork Problem solving 
 
2. Generic management skills and Specialized technical discipline management skills: 
Human resource management Risk management 
Business strategies Maintenance management 
Negotiation/conflict resolution Change management 
Organizational behavior Professional ethics/social aspects 
Quality management Innovation/creativity 
Operations management International business 
Industrial relations Decision making 
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Networking Dealing with customers 
R&D/design management Information technology 
System approach Public relations 
Environmental management Strategic management 
Logistics/supply management Motivation/psychology/behavior 
Occupational health & safety Work/time study 
Contract administration Performance evaluation/management 
 
3. Theoretical skills and Skills related to other professional disciplines: 
Theories of management Ergonomics 
Economics Management science 
Accounting & finance Marketing 
Legal/law Forecasting 
Information management  
 
The list cannot claim to be exhaustive; the most that can be said about the framework is 
that it documents those types of engineering management skills important for practice at 
present.  No claim can be made about the sub-ranking of the importance of the skills listed 
within each of the three broad categories.  Any individual practicing engineer might select as 
important a subset of those management skills presented, to which they might add other 
items important to them in their particular circumstances and/or they might re-classify 
particular skills depending on their area of practice. 
Support for the proposed framework, that technical discipline specific management skills 
and management skills related to other professional areas will be reported as less important, 
was found in one of the literature sources identified previously; referring to Table 2: 
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“The management subjects at the lower end of the ranked list indicate less desire for 
management training in these areas.  This may be because engineers believe: 
• skills and techniques can be provided more easily by a specialist, e.g. business law, 
information systems; 
• subject is not appropriate to their particular work, e.g. production and operations 
management, quantitative methods, marketing...” (Batley 1998, 310). 
 
Internationally, undergraduate engineering course accreditation requirements are moving 
from being prescriptive, to models that permit engineering undergraduate programs to 
respond to local conditions within an overarching structure and quality assurance 
mechanism.  In a similar manner, the management skills framework presented here provides 
guidance as to the relative importance of various classifications of management 
skills/competencies.  Without being prescriptive, it would be expected that most programs 
would incorporate coverage of the majority of the generic professional practice skills 
identified.  Other generic management skills might also be included.  Discipline specific 
management skills would be included depending on the discipline flavor of the program.  
Some theoretical management skills and skills related to other professional disciplines might 
be included to provide graduates with a broader perspective on management and effective 
communication across the organization.  A proactive undergraduate program would also 
include relevant management studies to prepare their graduates for emerging trends in 
engineering management. 
Many of the topic areas proposed in the framework are beyond the scope of the science/ 
technology-focused elements of a traditional engineering course.  It is true that, in many 
cases, the ‘management’ component of an undergraduate engineering program is taught in a 
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separate studies stream.  It could be suggested that in a perfect world where engineering 
education was based on contextually integrated studies of the science and application of 
engineering, there would be no need for separate engineering management studies.  Whether 
it is as separate units of study or integrated into general engineering studies, the management 
studies component of an undergraduate engineering program must provide a broad 
foundation on which graduates can base their professional practice and lifelong learning.  
Undergraduate studies (whether technical or management related) can only provide students 
with an introduction to a topic.  Exposure to a wide range of topics assists graduates to 
‘know where to look’ when they have to solve a real problem in practice.  The evidence is 
that many engineers and technologists will pursue formal postgraduate studies in 
management.  Management plays a central role in the long-term careers of most technology 
professionals, so a key aim of any undergraduate management program should be to expose 
students to this reality and help prepare them to deal with it. 
 
CONCLUSION 
Based on an examination of the literature and original research, a framework of ranked 
classified management skills is proposed.  While the research methodologies and 
presentation of results in the various original sources consulted are not identical, all of the 
sources provide a ranking of the importance of engineering management skills.  Broadly, the 
ranking framework is generic professional skills first, followed by general management 
skills and technical discipline specific management skills, followed by other professional 
discipline skills and theoretical skills.  The framework does not claim to be prescriptive in 
nature, exhaustive in identification of important management skills, or definitive in the sub-
ranking of the importance of the skills listed within each of the three broad categories.  Any 
individual practicing engineer might select as important a subset of those management skills 
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presented, to which they might add other items important to them in their particular 
circumstances and/or they might re-classify particular skills depending on their area of 
practice. 
This framework provides a rational basis for design of undergraduate engineering 
management studies.  It suggests that there are certain key generic skills used by most 
engineers in practice, and that these should be included in all undergraduate programs.  This 
is followed by a larger array of management skills that are dependent on the context in which 
the engineer operates, and hence suggests that course designers should seek to understand 
the circumstances of their student audience and design their courses accordingly to maximize 
the benefits to their students. 
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Table 1 Importance of management competencies as ranked by UK science graduates 
and their employers - source (Williams 1996, 312) 
 
 
 
 
 
 
 
Management competency 
(1) 
Employer rating 
(out of 5) 
(2) 
Graduate rating 
(out of 5) 
(3) 
Personal effectiveness 3.91 3.72 
Communication 3.89 3.69 
Leadership 3.77 3.39 
Working in groups 3.67 3.35 
Project management 3.65 3.16 
Data analysis & presentation 3.41 3.41 
Organizational awareness 3.30 2.87 
Monitoring performance 3.24 2.74 
Production & operations management 3.15 1.89 
Information technology 3.08 3.02 
Financial management 3.03 1.96 
Marketing 2.98 2.07 
Human resources management 2.65 2.05 
Business environment 2.53 1.83 
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Table 2 Importance of management skills ranked by professional engineers in New 
Zealand  - source (Batley 1998, 311) 
 
 
 
 
 
 
Management skill 
(1) 
Average rating 
(reverse ranked out of 5) 
(2) 
Personal skills 1.4 
General management 1.5 
Organizational behavior 1.6 
Finance and accounting 1.7 
Human resource management 2.0 
Project management 2.1 
Business law 2.6 
Marketing 2.7 
Production & operations management 2.8 
Economics 2.8 
Personal computers 2.8 
Information systems 2.9 
Quantitative methods 3.2 
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Table 3 Importance of business skills as ranked by US electronics engineers and 
engineering managers - source (Bellinger 1998, 125) and (Bellinger 1999, 95) 
 
 
 
 
 
 
 
 
 
 
Management skill 
(1) 
Results from 1998 Results from 1999 
Reported by 
managers 
(%) 
(2) 
Reported by 
engineers 
(%) 
(3) 
Reported by 
managers 
(%) 
(4) 
Reported by 
engineers 
(%) 
(5) 
Project management 96 58 92 63 
Team leadership 92 69 92 70 
Setting project deadlines 86 57 85 52 
Oral presentations 86 63 88 65 
Resolution of trade-offs 81 67 90 71 
Hiring 75 26 78 23 
Time management 66 31 65 31 
Budgeting 62 24 74 29 
Purchasing 36 20 41 22 
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Table 4 Importance of technology management knowledge and skills ranked by 
academics in US MBA programs and executives responsible for technology 
management in industry in the US - source (Mallick and Chaudhury 2000, 163-164) 
 
 
 
Management knowledge/skill 
(1) 
Ranking by 
professors 
(out of 5) 
(2) 
Ranking by 
executives 
(out of 5) 
(3) 
Integration of technology & business strategy 4.56 4.25 
Working across functional boundaries 4.47 4.34 
Written communication skills 4.40 4.43 
Strategic role of technology 4.36 4.25 
Achieving implementation 4.33 4.59 
Implementation of new technology 4.31 4.14 
Identification of new technological opportunity 4.29 3.95 
Oral communication skills 4.24 4.50 
Management of complexity & ambiguity 4.24 4.32 
Ability to apply analytical techniques 4.09 4.18 
Solving problems on a timely basis 4.07 4.57 
Gaining users' support 4.05 4.27 
Facility in human relations 4.04 3.89 
Transfer of technology within organizations 3.98 4.11 
Ability to apply theoretical knowledge 3.95 3.66 
New product development 3.93 4.20 
Business strategy & competition 3.89 4.16 
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General business functions 3.82 4.11 
Ability to manage technical professionals 3.82 4.36 
Selection of technological projects 3.80 3.93 
Transfer of technology between organizations 3.80 3.52 
Management of risk 3.78 4.30 
Timing of technological choice 3.73 3.98 
Technology acquisition 3.73 3.66 
Process of technological innovation 3.73 3.60 
Producing clearly actionable results 3.72 4.36 
Use of manufacturing technology 3.60 3.80 
Evaluation of technical projects 3.47 3.60 
Perform technological assessment/evaluation 3.44 3.77 
Handling data gaps & conflicts 3.34 4.00 
Management of research 3.20 3.48 
Use of information technology 3.04 3.19 
Environmental issues 3.02 3.09 
Influence of government policy 2.98 2.74 
Social aspects 2.91 3.09 
Ethical aspects 2.89 3.14 
Financing technical projects 2.84 3.52 
Legal aspects 2.78 3.35 
General engineering functions 2.55 3.80 
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Table 5 Importance of management skills as ranked by Australian academics involved 
in undergraduate engineering management education - source (Palmer 2000, 6) 
 
 
 
Management skill 
(1) 
Mean rating 
(out of 5) 
(2) 
Standard deviation 
(of mean rating) 
(3) 
Communication skills 2.85 0.35 
Project management 2.68 0.52 
Supervision and leadership 2.60 0.58 
Economic eval. of projects 2.56 0.50 
Operations & quality man. 2.54 0.50 
Organizational behavior 2.44 0.63 
HR management 2.44 0.63 
Innovation 2.44 0.66 
Engineering and society 2.29 0.67 
Business strategies 2.15 0.57 
Legal studies 2.10 0.44 
Finance 2.10 0.49 
Accounting 2.02 0.47 
Economics 1.98 0.56 
Marketing 1.93 0.61 
Theories of management 1.90 0.59 
Management science 1.76 0.53 
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Table 6 Importance of management skills as ranked by mature age engineering 
students in Deakin University engineering courses - source (Palmer 1999, 133) 
 
 
 
 
Management skill 
(1) 
Mean rating 
(out of 5) 
(2) 
Standard deviation 
(of mean rating) 
(3) 
Communication skills 2.85 0.36 
Project management 2.81 0.39 
Supervision and leadership 2.69 0.46 
Economic eval. of projects 2.62 0.49 
Innovation 2.58 0.49 
Operations & quality man. 2.54 0.50 
HR management 2.50 0.57 
Business strategies 2.27 0.65 
Organizational behavior 2.19 0.48 
Theories of management 2.11 0.50 
Engineering and society 2.04 0.71 
Management science 2.04 0.59 
Finance 2.00 0.55 
Economics 1.93 0.47 
Legal studies 1.93 0.47 
Marketing 1.85 0.60 
Accounting 1.81 0.39 
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Table 7 Importance of management skills as reported by recent graduates of Deakin 
University engineering courses- source (Palmer 2001) 
 
 
 
Management skill 
(1) 
Rate reported 
(%) 
(2) 
 
Management skill 
(3) 
Rate reported 
(%) 
(4) 
Communication skills 95.0 Industrial relations 22.5 
Project management 77.5 Change management 22.5 
Supervision & leadership 60.0 Creativity 22.5 
Time management 60.0 Strategic management 20.0 
Decision making 60.0 Legal / law 17.5 
Teamwork 57.5 Operations management 17.5 
Project evaluation 52.5 Business strategies 17.5 
Cost estimation 50.0 Human resource man. 17.5 
Occupat. health & safety 50.0 Marketing 15.0 
Report writing 45.0 Systems approach 15.0 
Dealing with customers 40.0 Design management 15.0 
Quality management 35.0 Forecasting 15.0 
Negotiation 35.0 Information management 15.0 
Conflict resolution 32.5 Lifelong learning 12.5 
Organizational behavior 27.5 Public relations 12.5 
Risk management 27.5 Supply management 12.5 
Motivation 27.5 Logistics 12.5 
Work/time study 27.5 Inventory management 12.5 
Professional ethics 25.0 Competition 10.0 
 32 
Maintenance man. 25.0 International business 2.5 
Environmental man. 25.0 Economics 0.0 
Contract management 25.0 Theories of management 0.0 
Accounting and finance 22.5   
 
 
